
Scenario-Based Design Methods for the Development of Pen-Based Software
User Interface*

Danli Wang, Guozhong Dai, Hongan Wang
Institute of Software

Chinese Academy of Sciences
Beijing, China

Steve C. Chiu
College of Engineering
Idaho State University
Pocatello, ID, U.S.A.

Abstract*

Pen-based user interface (PUI) has drawn significant
interest, owing to its intuitiveness and convenience.
While much of the research focuses on the technology, the
usability of a PUI has been relatively low since human
factors have not been considered sufficiently. Scenario-
centric designs are ideal ways to improve usability.
However, such designs possess some problems in practical
use. To cope with these design issues, the concept of
“scenarios” is proposed in to facilitate the interface design,
and to help users understand the interaction process in
such designs. The proposed scenario-based approach for
PUI design is coupled with a practical application to show
its effectiveness and usability.
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1  Introduction

With the rapid advancement in information and network
technology, computers are becoming ubiquitous, and the
role of Human-Computer Interaction (HCI) is becoming
increasingly important. As the link between human and
computer, interface is one of the most important
components of an interactive system. The main objective
of HCI research is to develop natural, harmonic and
efficient user interfaces, so as to realize human-centered
interaction [1], and make “computers adapted to human”.
The center of this interface design is changing from the
paradigm of “easy realization” to the new “easy learning
and high usability”.

Pen-based User Interface (PUI) is an effective method
to make the interface natural. The first PUI appeared in the
Sketchpad in 1963 [14]. Since the middle of 1980s, PUI-
based products such as PAD developed rapidly,
accompanying the computing revolution, including
distributed computing and mobile computing. There are a
lot of research achievements on PUI at MIT, CMU,
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Washington University, etc. At the same time, Microsoft,
Wacom, Toshiba and NEC moved into the PUI fields
quickly [9]. In China, many research institutes and
universities are also carrying out the research on PUI, and
they have gained achievements in many aspects, such as
word processing, PUI framework, and multi-modal
interaction, to name a few.

PUI provides users a natural interaction method,
helping people capture their thoughts conveniently and
think visually. Compared with the traditional WINP
method (i.e. Window, Icon, Menu, Pointer), PUI changes
input information type from discrete, explicit digital data
to continuous, implicit analog data; and it changes the
input methods from keyboard and mouse to pen. In view
of the difficulties of inputting Chinese through keyboard
caused by the hieroglyphic feature of Chinese, PUI, as a
promising way to solve this problem, presents significant
promise in China.

Owing to its naturalness and convenience, PUI has
attracted much attention, and is being employed in more
and more applications [9]. However, much of the current
research focuses on the implement technology, failing to
give sufficient consideration to human factors, which,
together with the problems in development methodology,
makes a negative impact on development efficiency and
usability. Therefore, how to develop user-content PUI
software deserves more concern.

Scenario-based design (SBD) represents a desirable
method to enhance software usability. The focus of SBD
centers on the description about the users, and how the
users perform the tasks [4]. It is a good way to extract
users’ demands; and provides a tool to design products
with high usability. However, SBD have its own
disadvantages.

To address these problems, the concept of “interface
scenarios” is proposed in this paper to facilitate interface
design, and to help users understand the mutual interaction
process. A scenario-centric methodology for PUI
development is also proposed along with a practical
application to show its effectiveness.



2  Related Work

2.1  Scenario-Based Design

Scenarios are some stories about people and their
activities [3]. Let’s see a concrete example: A man wants
to find a meeting agenda of June 2, 2005. First he turns
on his computer and enters document management
application. Then he opens his routine file folder, in
which he finds the meeting agenda folder. Finally, he
locates and opens the agenda file in the agenda folder.
Scenarios highlight the purpose and the usage of the
system through detailed description of the human-machine
interaction process: what the system is used for, what
processes are involved, whether these processes are carried
out successfully, and how people will react to them.

Scenario-based design is a design methodology that
considers scenarios as a central artifact in system design.
The approach encourages user involvement in system
design, provides shared vocabulary among the people
participating in the system development project, envisions
the uncertain future tasks of the end users, and enhances
ease of developing instructional materials. It provides a
good brainstorming tool for planning and helps all the
stakeholders to choose options in their decision-making
[6].

Scenario-based design, which includes user
participation in the design process, is believed to increase
product success through valuable user insight. Based on
these advantages of scenario-based design, scenarios form
the foundation for the design, development, and evaluation
of a system.

The earliest successful application of scenario-based
design was the voice message system developed by IBM
for the L.A. Olympic Games [7]. Since then, the design
found its way in various types of software development.
In HCI, scenarios are used to describe detailed context to
facilitate the design decision-making [4]. In software
engineering, use cases are employed to depict the
situations of a system in use, while scenarios are the
instances of use cases [8].  Requirement engineering uses
scenarios to record the observance and analysis by the
users, from which the requirements are extracted.
Scenarios can also be used in requirement assessment [12].

The application of scenarios-based design methods has
been rather successful in HCI. Prof. Carroll’s team did
some excellent work with it. Rosson et al. proposed a
scenarios-based framework for interaction systems [13],
which integrated scenarios analysis and design in the
phases: analysis, design, prototype and assessment. In the
analysis phase, problem scenarios describe the practical
problems; in the design phase, action scenarios,
information scenarios and interaction scenarios depict the
problems in design; in the prototype and assessment

phase, scenarios are used for assessing the usability of the
prototype. This method enhanced the usability of
interaction systems.

Although scenario-based design is an excellent
interactive method, a scenario itself does not provide a
good way to implement user-centered design, while how
to obtain user requirements from scenarios is the pivot of
the design. Among the existing applications of scenarios-
based design, though some of them mentioned user-
centered designs, as a whole they still consider user
requirements from the system’s point of view, falling
short of really designing systems from the users’
perspective.

2.2  Pen-Based User Interface

Broadly speaking, the research and development of PUI
went though three major phases: 1. the metamorphosis of
WIMP; 2, establishing the interface model on the basis of
sketching; 3, wide application. The first phase of PUI
development occurred between the end of 1980s and the
beginning of 1990s, during which PUI applications were
mainly seen in mobile digital computing devices with pen
superseding mouse in clicking function.

The second phase was from the beginning of 1990s to
the end of 1990s. The milestone was Xerox PARC’s
LiveBoard [5], a white board sized pen-based interaction
device, and its related software, which showed many
fundamental ideas and concepts of modern PUI research.
PUI research then opened a new page. The research focus
during this phase was user-centric design, naturalness and
efficiency. It gave birth to the brand new sketching-based
PUI interaction model. Besides the LiveBoard, other
creative and usable systems developed during this period
include CMU’s SILK [10], which is used in GUI
prototype design, and Flatland [11] by Georgia Tech.

The third phase spanned from the end of 1990s till
now. With the advancement of both hardware and software,
PUI reached its mature stage and is expanding into wider
application fields: pen-based sketching tool for animation
design, children intelligence exploiting entertainment
software, software for clinical devices and education
software, to name just a few. Microsoft went even further
as to develop an operating system with full handwriting
input support for their Tablet PC, which made the debut
on the market at the end of 2002. In recent years,
Microsoft Asia R&D developed the so-called digital ink
technology, which made handwriting easier to read, access,
organize and use [15]. In addition, Swedish Anoto AB
developed blue tooth-based digital pens and digital papers,
which presented a promising prospect for PUI R&D and
future applications [2]. In short, PUI has seen tremendous
growth since its origination in various end-use areas.



3  Interface Scenario

Scenarios can be depicted by various methods: text,
graph, story board, prototype, etc. [13] After analyzing
these methods, in view of the problems in PUI design, we
propose the concept of “interface scenario”. This kind of
scenario uses the designed interface as the background, and
depicts the operations needed for a task explicitly on the
background by texts and/or graphs, giving users an
intuitive grasp on the interface operation and facilitating
interface evaluation. Figure 1 shows a simple example:

Figure 1.  An interface scenario
This scenario describes a user deleting a document in

an evaluation system. This scenario not only helps the
user understand the system easily by giving them an
intuitive description of what the system will look like and
how it will behave, but also facilitates the communication
between the designers and the users.

4 Scenario-Based Development Method for
Pen-Based User Interface

Based on the characteristics of PUI and
scenario-based design, we present our method for
the PUI software development, as shown in Fig. 2.
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Figure 2.  PUI development process

4.1  Development Procedure

We specify the following procedure for scenario-based
PUI development:

Requirements: Using these scenarios, we described
the interviews and observations. Based on the observation
scenarios, we established the requirements model and
evaluated it through discussions with the users and
experts.

Des ign:  Analyzing the results of requirements
analysis, we designed the interface and the interface
scenarios. Then we give the design solution.

Implementation: Based on the design solution, we
coded and implemented a prototype.

Evaluation: Analyzing the system from the point of
view of usability, we designed the scenarios for
evaluation, and evaluated the prototype. Following this
evaluation process, we modified the design when necessary

5  Example – A Pen-Based Meeting System

Communicating and discussing is a very good way to
synthesize group intelligence, fostering creative
collaborations. The traditional group discussion basically
is first to elucidate content using, e.g. PowerPoint in
meeting room, and then to discuss the problems with the
help of a whiteboard/blackboard. PowerPoint is quite
powerful and very nice for general use, enjoying an
advantage especially in formal meetings. But in informal
discussions, it shows some drawbacks: it is rather difficult
to modify the document in an ad hoc manner during the
discussion, such as recording the new ideas. It is
especially hard to those who are unfamiliar with
keyboards. To address this issue, we designed a pen-based
meeting system, and developed a prototype.

5.1  Requirements Analysis

Through investigating the related users and analyzing
the existing meeting systems, we set up the meeting
system’s scenarios description and functional model.
Figure 3 shows a scenario of preparing a report for an HCI
meeting.

Figure 3.  Meeting reporting scenario



The meeting system here has three major functions:
meeting preparation (including meeting schedule and
report preparation), meeting in process (including meeting
registration, report playing, and report modifications), and
post-meeting compilation.

5.2  User Interface Design

We then designed the interfaces and corresponding
interface scenarios. Figures 4–7 illustrate several example
interfaces and interface scenarios.

Figure 4.  Meeting management Ul
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Figure 5.  New folder creation

Figure 6.  UI of meeting playing

Figure 7.  Scenario of meeting playing

5.3  Evaluation of Design

We evaluated both the old and the new meeting
systems. Twelve experts attended the evaluation. We
obtained the evaluation results, which are shown in
Table 1, from the statistic analysis of the data collected
from the 10 expert assessment questionnaires we
received using Excel and SPSS 10.0, and the analysis
of the interview records.

Table 1: Average score on each evaluation
dimension (min: 1, max: 6)

Evaluation Dimension Average
Satisfaction 4.40
Learnability 4.60
Usability 4.10
Interface 4.40
Convenience in switching 4.40

New
system
vs. old
system

Learnability in switching 4.40

We made further statistic analysis using the unique
sample T-test statistical method to find out on which
dimensions the software received positive assessment. The
value results are shown in Table 2.

Table 2 Analysis of the significant level

Evaluation dimension T
value

Degree of
freedom

Significant
level, p

Satisfaction 2.946 9 .016
Learnability 3.601 9 .006
Usability 1.908 9 .089
Interface 5.511 9 .000
Convenience
in switching

5.511 9 .000

New
system
vs. old
system

Learnability
in switching

3.375 9 .008



This table shows that, compared with the old system,
the new system received positive assessment on the
overall level. On the dimensions of learnability and
interface, significant level was reached. Though the
usability of the new system is assessed positively, it
failed to reach the significant level, which can be
attributed to the usability of the new system. The software
is still in the process of being improved.

6  Conclusion

PUI software draws interest due to its naturalness and
convenience. To enhance the development efficiency and
usability of PUI software, we proposed the concept of
interface scenario, and a development method for PUI
software. A practical example proved the methodology’s
effectiveness, showing that both the development time and
development cost to be reduced, while the usability has
been enhanced.
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